21/08/1439

il _al
Suspensions

INoncsking zone

IKZE ]

A=

I
T
1

2 2 cli¥anall e




21/08/1439

he theoretical section: g il
-General concepts: dissolution, solubility and ssolubility J3as¥l s dissolution (sl (e ple palia -]
plutions types. ddadigl gl
-Molar solutions. Molar solution ‘-}!}‘“ Jlladll -
-Equivalent solution. e Ui‘ﬂ?"jjﬂ:’fi“ ‘““L‘U‘.‘!‘“ iﬂl‘:‘“ v
T oo dif i o . i ola saclad) Jal ol 22
clSi(())Il:l.blmy enhancers: definitions and mechanism of o i w‘ wl J:‘ 3
-Mechanical factors affecting dissolution rates. seludl el ii‘:l‘l-’“‘! "“’"‘:‘“ ﬁ -4
-Partition coefficient. s - f g ,; K™ 2
-Preparation methods of pharmaceutical liquid partition L“ﬁtﬁ;ﬂ: )‘,1 B
_ L . . . . _)_a..na.l -7
osage forms including; Syrups; Solutions; Elixirs; i T
xtracts; Tinctures; oral gargles. solu};iorrl)% LI -
-Parameters affecting sedimentation rate of solid elixirg ydSHI -
farticles in suspensions. extract Chaaddd -
-Suspensions: methods of preparation and stability- tincture Clisal -
nhancing methods. . oral gargles 4 saill 2 3l
g S : el padl cladl 3 sedimentation rafe wes il A jes -8
I-Suspensions: physical concepts and preparation 12 35l
Emulsifications theories, emulsions types and w/o 4380 (s 3 b 5 suspensions ilaall juiaad 35 -9
Ind o/w surfactants, “andl asalia ¢« dispersed systems 3 el plaill.] |
3-Emulsions: preparation methods, emulsions types R
nd kinds of emulsifiers used. suspensions <diladl 12
4-Hydrophile-lipophile balance (HLB): definition A 58 aalia -
nd concept. L paadll 3y -
S-Phase transition, B0 ¢ 77 SUTTACTATIS o T T e - T3
3 2 cla¥aall | i

Suspensions <lilz.ll

Gl pudana (8 B Le (A Al gal) cililaal)

Shla sy Laataal G sk (e ddl3a

— S8 Alladl) Salal) Led SUilu AY)
SUSPENSION 3 finsa (0905250 -1) 4883 1 3al
ool Jilaad) § paall (A (uilaia S0y

Dladl) salal) A g5 A (albesall

CSay Sadill b g YAy (e Liia da )

Ll s (9%

2 claaeall ) e 4

uﬁ.}.i@kmd



21/08/1439

Dosage form Drug particle size range (pm)
Ophthalmic suspensions <10

Oral suspensions 10-50

Parenteral suspensions 0.5-25

Parenteral dispersions for intravenous use 0.1-05

(emulsions, liposomes, nanoparticles) USP

Aerosols for the lung 1-5

Tablets and capsules, immediate release <50

Topical aerosols 50-100

Topical emulsions <50

Topical suspensions 2 Si¥ad0-50 5
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Oral suspensions by category

Oral
suspension

Drug
concentration

comment

Magnesia and
alumina

Aluminum
hydroxide 225
mg.
Magnesium
hydroxide 200
mg/5mL

Counteract gasteric hyperacidity
relieve distress in the upper
gastrointestinal tract

Erythromycin

125, 250 mg/5mL

Broad-spectrum macrolide

Estolate antibiotic, bacteriostatic and
bacteriocidal activity
Nystatin 100,000 U/mL Antibiotic with antifungal activity.

Suspension is held in mouth as
long as possible before swallwing
in treatment of mouth infections

caused by candida.
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Box 7.1 Advantages and disadvantages of
suspensions as dosage forms

Advantages Disadvantages

Insoluble drugs may be more Preparation requires
palatable shaking before use
Insoluble drugs may be more Accuracy of dose likely to
stable be less than equivalent
Suspended insoluble powders solution

are easier to swallow Storage conditions can
Enables easy administration of affect disperse system
bulk insoluble powders Bulky, difficult to transport
Absorption will be quicker than and prone to container
solid dosage forms breakages

Lotions will leave a cooling layer
of medicament on the skin
Theoretically possible to
formulate sustained-release
preparations

2 cl¥anall e 12
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Sedimentation Rate and Stokes’ Equation

Stokes’ Equation:
&_&p- o
de 18n
where

dx/dt is the rate of settling,

d is the diameter of the particles,
p, is the density of the particle,

p, is the density of the medium,

g is the gravitational constant, and
1 is the viscosity of the medium.

A number of factors can be adjusted to enhance the physical stability of a suspension, including the
diameter of the particles and the density and viscosity of the medium. The effect of changing these is illus-
trated in the following example.

EXAMPLE

A powder has a density of 1.3g/cc and an average particle diameter of 2.5 (assuming the particles to
be spheres). According to Stokes' equation, this powder wil settle in water (viscosity of 1 cP assumed) at
this rate:

(25% 10 (13 = 10) (980)
18x0.01

=102 X 10"*cmseconds

Ifthe particle size of the powder is reduced to 0.25um and water is stll used as the dispersion medium, the
powder will now settle at this rate:

o511
(25 x107) (13 =10) (980) =102 X 0cmseconds
18 x0.01

2 ciVuall ) e 18
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Asis evident, a decrease in particle size by a factor|of 10 results in a reduction in the rate of settling by a factor

[ of 100.]his enhanced effect i  resl ofthe d factor i Stokes'equation being squared
Ifa different dispersion medium, such as glycerin, is used in place of water, a further decrease in settling will
resul. Clycerin has a density of 1.25 g/mL and a viscosity of 400 cP. The larger particle size powder (2.5 ) will
settle at this rate:

(25 x 10 (13=125) 980)
18x4

= 425X 10" cm/seconds

The smaller particle size (0.25 i) powder will now settle at this rate:

(25 x 07 (13 =125) (980)

=425 x ﬂ'ncm/seconds

18 x 4
2 claVauall ) jie 19
Condition Rate of settling (cm/sec)
2.5 ym powder in water 1.02 X 10E-4
0.25 pym powder in water 1.02 X 10E-6

2.5 ym powder in glycerin 4,25 X 10E-8

0.25um powder in glycerin 4,25 X 10E-10

2 ds¥aall ) e 20
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¥ t  Zeta Potential
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V. Electrokinetic
Properties

Zeta Potential

o The zeta potential is
defined as the
difference in potential
between the surface of
the tightly bound layer
(shear plane) and
electro-neutral region
of the solution. 22




21/08/1439

12

|

1i
i
I

a

CoEm '/.L%Pﬂ‘zmlual) S ¢ gaS)
Surface / b, o &
B8 |99ge eo
RO |RO0Plooc
E) ®®®®@
S 2908 8°
S5 leeg@fae
/ o POPOP g
///‘§ ROQe @&
/j _ @O OGO
A e— » «—p»d
|

Electric Double Layer

diffuse

b |
:""" ':’ """"""""""""""""""""""""

: ©)
Bl ©p) o e
+R2 e @ = ' electroneutral
Be o @@ Lk
TR e @@ © @ |

gegenion

zeta potential

Nernst potential

2 claaeall ) e

24

Uit sibaaas 322 Cli¥ana ) jie



21/08/1439

Electrical Prop’s cont'd

sNernst potential (A S g8l G 5adl)

» potential difference between the actual solid
surface and the electroneutral bulk

aZeta potential (s!323 Sa < 0 5as)
» potential difference between the tightly bound
layer and the bulk

m governs electrostatic force of repulsion
between solid particles

2 cl¥anall e 25

ddatta pad) Jaadl g ddaitall Jasdl
Flocculates and deflocculated systems

ok 3 (Deflocculated) 4daiia il Jaad) dlai m
dcall aag dlly (Sag sohn Wb el Jaa
B el &g e oSly Aalal e BaAlal)
Bale) ol A e ALS JSii g ianadl gudany ga duaa
Ssad) 7y de Ll yiay

clilu, (Flocculates) 4daiiall Jaadl i Jildal) & u
Jaa oSy Wb iy dale) Jed) e Al Al 8
do pll 48y e AlCda dlay ajw Wb Gl
Loyl el e il JS& ¢ oS g dasiinall

2 cl¥anall e 26




21/08/1439

14

Comparison of properties of flocculated and deflocculated

suspension

Deflocculated suspensions

Flocculated suspension

Particles as separate
entities

Loose aggregates suspension
(network) enclosing liquid
medium

Low sedimentation rate
uniform dose

Fast sedimentation rate
(inaccurate dose)

Sediment particles is very
closely packed

Loosely packed sediment
(scaffold-like)

Good appearance

Inelegant

Cloudy supernatant

Clear supernatant

Low sedimentation volume

High sedimentation volume

Compact sediment, caking
occurs, difficult in

radicnarcinn

No cake formation, ease in
redispersion

Settling and Aggregation

= The suspension shall form
loose networks of flocks
that settle rapidly, do not
form cakes and are easy to
resuspend.

= Settling and aggregation
may result in formation of
cakes (suspension) that is
difficult to resuspend or
phase separation
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Sedimentation behaviour of flocculated
and deflocculated suspensions

period of
standing

short period
{min.)

medium period
(hrs or day)

long penod

(weeks or years)

flocculated

<

ZZ
=

clear

supemant

No much
change in P

initial

[=]

porous

(arge

wvolume)

]

little change [~ — — — —

in sediment ERAREZLIR- cake

volume

€]

deflocculated

4340 y2l) Jaadl g d3atial) Jaall
Flocculated and deflocculated systems

Deflocculated Suspension

etwork like structure
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In addition to purified water, the vehicle may contain buffers
to control the pH of the formulation. Citric acid/sodium citrate is
commonly used as a buffer system for oral suspension
formulations.

2 S apal) e 34
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: Polysaccharides)
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(Semi — Synthetic Poly 4sxiall diai y <) clye —B
:(Succharides

(%2) : Hadall jollad) cliidia o bl J&y Cally

: (CMC Na) Sodium Carboxymethyl cellulose =
( pH 5-10) (s 0all sk S)

( pH 3-11) .(Methocel) (MC) Methyl Cellulose =
(HEC) Hydroxyethy Cellulose (Natrosol) =
(HPC) Hydroxypropyl Cellulose =

(HPMC) Hudroxypropyl methyl Cellulose =
(Hupermellose)

) Avecil) (Microcrystalline cellulose) _siall &8s 5 il m
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(Magnesium a5l g a5 uital) CilSiliw m
(Veegum) aluminum silicate)
(Bentonite) «.\isii u

5. [AI203 . 4Si02 . H20] : 4l dipal) dllay
Agagdal) 49 &) dilal) o gaial¥) Sl

Magnesium aluminum silicate, as with other
clays may adsorb some drugs. This can result in
low bioavailability if the drug is tightly bound or
slowly desorbed, e.g. amfetamine sulfate,
tolbutamide, warfarin sodium, diazepam, and

diclofenac sodium.
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Viscosity agent

Acacia

Alginic acid

Concentration

30% wiv

2% wiiw

Carbomer 934

05% wi/v
neutralized

Carboxymethyl-
cellulose sodium

196 wiiv

Gelatin I 667% wiv
Hydroxy 2% wiv
ethylcellulose

Hyd roxy 296 wiv
propyicellulose

Hypromellose 2% wiv
Methylcellulose 2% wiv
Polaxamer 188 02-5%
(Pluronic)

Polyvinyl alcohol 4% wiv
Povidone 10% wiv
Sodium alginate 19 wiv
Tragacanth 19 wiv
Xanthan gum 196 wiv

Viscosity
(mPa - s)
100

2000

30 S00-39 400

10-12 000

2748 (60°Q)

2-20 000

150-6500

3—-100 000

2-75 000

Not applicable

4.0-65.0

13-700

20400

100—4000

1200—1600

Flow properties

=25% Newtonian >25% non-Newtonian;
viscosity reduced by salts and increasing
temperature

Gels in the presence of physiological
concentration of polyvalent cations

Plastic flow; solution is liquid at low pH but
gels at pH >7.0

Pseudoplastic: gels in the presence of
physiological concentrations of polyvalent
cations

Pseudoplastic; thixowropic, gels below 40°C

Pseudoplastic: viscosity is concentration and
formula weight dependent

Pseudoplastic; viscosity is concentration and
formula weight dependent

Pseudoplastic; viscosity is concentration and
formula weight dependent. Gels at 50-90°C

Pseudoplastic: viscosity is concentration and
formula weight dependent: gels at S0-60°C

Pseudoplastic, thixotropic; liquid at room
temperature but gels at body temperature

Viscosity is concentration dependent gels in
the presence of borax

Pseudoplastic; viscosity is concentration and
formula weight dependent

Gels in the presence of physiological
concentration of polyvalent cations

Pseudoplastic

Pseudoplasticc mucoadhesive

Synthetic agenets 4xiall Jal g2l =D

Aaleal) Jal gad) e Uil i Lgaly Aniial) Jal g2l A 5 Jual)

. ga,.\,\hl\ Ladal) cd

Ll SY) (aaal flia gz (Carbopol) Jssls
I8 J) g qlluatia JSdy o sl
gl I8y L )& 9%0.5 dpaady Sy
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Carbopol General Carbopol 934 P is cross-
Formula linked with allyl sucrose
2 li¥aall e 43
. P
)
LA
% Application
Bentonite 2-3 External use
Veegum 5 Internally & externally
Hectorite 1-2 External
Carbopol 0.5 Mainly External
/Carbomer
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Wetting Agents dllwall Jal sal) —
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(Electrolytes) < _4<1l.A
) B simall o) JaY) Adadl Asleal) Ladd) @) gt ALl (545
AN 358 alf) ) Al g 51 5aY) sdgd (S a4l Ggas Galdl)
Jaan oA Rl (gl ha Adliaal) Aasl) () 65 Ladind o) 329 o
Ahie B o) 3aY) aand oy 488) gall Aally S o gl () gasl]
Ld s sall Al claanl) JCaS g o3l SaY) aal)

(e.g. Nacl, sdlfate, citrates, phosphates salts)

The flocculating power increases with the valency of the
ions. As for example, calcium ions are more powerful
than sodium ions because the velency of calcium is two
whereas sodium has valency of one.

Electrolytes

Electrolytes - solutions that carry an electric current

! P2t 2

) y =R (18 r
e o8l e el = =
Na* T @D HF - sugar— sugar
o g4 (" e O o
strong electrolyte weak electrolyte nonelectrolyte

NaCl(ag) — Na* + CI HF(ag) «— H* + F
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Reaction 1
Initial adsorption at the optimum polymer dosage

San .

Po|ymer Particle

Destabilised particle

Reaction 2

Floc formation

Flocculation

Floc particles

Destabilised particles
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suspensions). For example, the European Pharmacopoeia states

that in oral products E. coli must be absent and, in addition, therd

should be not more than 1000 aerobic bacteria and not more than

100 fungi per gram or millilitre.

Examples of preservatives that are employed in oral
suspensions include:

»  Parabens (i.e. esters of parahydroxybenzoic acid, e.g. methyl
and propyl parahydroxybenzoic acid are often used in
combination in a ratio of 9:1 or 10:1. The concentration is
usually 0.22% w/v (i.e. 0.2% w/v methylhydroxy benzoate ,
and 0.02% w/v propylhydroxy benzoate). ,
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Sustained-release suspensions
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